Telomerase is thought to play an essential role in tumorigenesis and progression. Its activity is directly correlated with the expression of its catalytic subunit, human telomerase reverse transcriptase (hTERT). A correlation of transcript expression with a poor prognosis has been detected in different human malignancies. However, data on hTERT in pancreatic ductal adenocarcinoma (PDAC) are purely descriptive so far. Therefore, we evaluated the impact of hTERT expression on patients' prognosis. Human telomerase reverse transcriptase mRNA isolates from 56 human microdissected PDAC tissues were analyzed by quantitative reverse transcription-polymerase chain reaction and multivariate Cox regression hazard test. Elevated hTERT transcript levels were measured in 23 of 56 PDAC tissues, 33 patients showed no detectable transcripts. Unexpectedly, a low expression of hTERT mRNA levels was associated with a worse prognosis for overall survival (relative risk = 5.33; P = .013) when compared to high levels, whereas undetectable expression showed an intermediate risk of tumor-related death. These data challenge previous findings outlining hTERT's negative impact on overall survival. The risk pattern obtained in PDAC suggests a more complex regulation of hTERT. Neoplasia (2008) 10, 973-976 
Introduction
Current molecular oncology strongly suggests that aberrant reactivation of telomerase is one of the key features of the malignant phenotype of a somatic cell [1] [2] [3] [4] . Telomerase catalyzes the synthesis and extension of telomeric DNA, thus leading to inactivation of apoptosis and senescence [3, 5] . To detect and measure telomerase activity, the mRNA expression of its catalytic subunit human telomerase reverse transcriptase (hTERT) has been proposed as a surrogate marker, given the fact that mRNA levels correlate directly with telomerase activity [6, 7] . Data on the clinical relevance of hTERT expression in malignant neoplasias are yet irresolute, although hTERT expression levels suggest a correlation with a poor prognosis in non-small cell lung cancer, Wilm tumor, B-chronic lymphocytic leukemia, acute myelogenous leukemia, colorectal cancer [8] [9] [10] , and in softtissue sarcoma [11, 12] .
Pancreatic ductal adenocarcinoma (PDAC) is a dismal disease because of its aggressive biologic phenotype, characterized by an early local invasion and high metastatic potential, late clinical presentation, very poor overall prognosis with a short median survival time of only a few months after diagnosis (ranging from a few weeks to years), and high resistance to radiation and chemotherapy [13] .
Most recently, telomerase and hTERT activity have been reported in tumors and pancreatic juice of patients with PDAC [14] [15] [16] [17] [18] , and their possible role in early diagnosis has been proposed. So far, there are no studies on the impact of hTERT expression on the prognosis of patients with PDAC. Therefore, we investigated precisely this in a cohort of 56 PDAC patients from our institution. We microdissected fresh-frozen tumor tissues to highly enrich neoplastic cells, isolated mRNA, and applied a quantitative polymerase chain reaction analysis for hTERT message. The impact of the gene expression on prognosis was determined by a multivariate Cox regression hazard model.
Materials and Methods

Patients
The study comprised a cohort of 56 patients (20 females and 36 males; age range, 34-80 years; mean age, 61.7 years), who were monitored for a mean observation time of 15.8 months (range, 1-61 months) and whose median survival rate was 14 months (range, 1-49 months). All patients included in the study underwent primary surgery in the years 2001-2005 at our hospital (Department of Surgery 1, University of Ulm, Ulm, Germany). Surgical pancreatic resection specimens were immediately placed on ice and subsequently snap-frozen and stored at −80°C. All patients gave written informed consent, and approval of the ethics committee was obtained.
Microdissection
RNA was isolated using the Innuprep RNA mini-kit (AJ Innuscreen GmbH, Berlin, Germany). The integrity of the isolated RNA was confirmed using the Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA). The cryostat tissues were cut into 8-to 10-μm sections. Microdissection of selected areas containing approximately 50 to 300 neoplastic ductal epithelial cells per area (>4000 cells per tissue per patient) was carried out by means of laser microdissection and pressure catapulting (LCM) technique (PALM Microlaser Technologies, Bernried, Germany) on cresyl violet-stained sections.
Quantitative Reverse Transcription-Polymerase Chain Reaction
Measurement of hTERT transcript expression levels was performed by quantitative real-time reverse transcription-polymerase chain reaction as described previously [11, 12] . The cutoff levels for low expression of hTERT were set at 0.00 ag/fg hypoxanthinephospho-ribosyl-transferase (HPRT), whereas the cutoff for high expression was set at the mean value of hTERT expression (Table W1) . Accordingly, three categories of expression levels were set up: 1, "no expression" (meaning no detectable mRNA levels); 2, "low expression" (>0.00 and ≤61 ag hTERT mRNA/fg HPRT mRNA); 3, "high expression" (>61 ag hTERT/fg HPRT mRNA). Additionally, the "lowexpression" and "high-expression" groups were merged into a joint group comprising patients with detectable hTERT levels (>0.00 ag hTERT/fg HPRT mRNA).
Statistical Analysis
Multivariate analysis according to Cox proportional hazards regression model (with adjustment for tumor staging, type of tumor resection, and patients' age) was performed for the analysis of hTERT mRNA expression. For statistical analyses, SPSS 15.0 software was used. P < .05 was considered significant.
Results
Of our cohort, 33 had undetectable, 17 had low, and 6 had high hTERT mRNA levels. The clinical data of the resulting three subgroups are listed in Table 1 . The data on the impact of the gene expression on prognosis-as determined by a multivariate Cox regression hazard model-are plotted in Figure 1 . Surprisingly, the analysis of patients of all stages and resection types showed that patients with low expression levels of hTERT message in their PDAC did worse than those with high hTERT mRNA [relative risk (RR) = 3.39; P = .046; Figure 1 ]. Unexpectedly again, patients with undetectable hTERT took an intermediate course (RR = 1.60; P = .392) when compared with patients presenting high hTERT levels. Aiming at the analysis of patients treated with a curative intent, we excluded patients with advanced disease (UICC stage IVb-concomitance of metastases and/or local R2-resection). Within this group of patients, the presence of metastases and/or nonresectable tumor mass might be a more decisive factor of survival than the expression of hTERT. Interestingly, on such analysis, an even more explicit, significant association of a worse prognosis in patients with low expression of hTERT was observed (RR = 5.33; P = .013) when compared to patients with a high expression profile. Undetectable expression was again associated with a slightly worse outcome compared with patients with high hTERT levels (RR = 1.83; P = .32). Furthermore, in comparison with the patients showing undetectable expression of hTERT, the risk of tumor-related death in those with the low expression profile showed a highly significant increase to 3.8-fold (P = .002). Additionally, we analyzed the impact of the overall expression of hTERT (merged "low-expression" and "highexpression" groups; n = 23) on survival. The comparison of this group with patients presenting undetectable hTERT mRNA levels showed a tendency-however, not significant-for an overall increased risk of tumor-related death for patients expressing hTERT mRNA (RR = 1.358; P = .340). Accordingly, analysis of the three hTERT expression profile groups with regard to the 18-month, and the average survival rate was performed. Of 33 patients with undetectable hTERT expression, 14 were still alive 18 months after diagnosis and surgery or had died within this time span of non-tumor-related causes. Interestingly, only 1 of 17 patients with low hTERT expression survived this period, whereas 3 of 6 patients with high hTERT expression were either still alive or had died due to non-tumor-related causes. The average survival rate in each group was 9.5 months in the low expression profile group, 18.2 months for patients with undetectable hTERT expression, and 20.8 months for patients with high hTERT expression.
Discussion
The data from this study challenge the present view that telomerase activity, strictly and in general, correlates with the biologic behavior of a malignant tumor when it comes to complex parameters such as survival after surgery. The expression of low levels of hTERT mRNA in PDAC does have a negative impact on patients' prognosis and a tendency for an association of hTERT expression in general with an unfavorable outcome can also be observed in our study.
These data are at first consistent with observations made on other tumor entities. Among others, hTERT overexpression is (solely) associated with a significant poor outcome in soft-tissue sarcoma [11, 12] , non-small cell lung cancer [10] and also in combination with cytokeratins 19/20 and carcinoembryonic antigen in colorectal cancer [9] . However, the somewhat better prognosis of patients accompanying a high hTERT expression profile has not been reported for other malignant tumors up-to-date. This intriguing, more favorable outcome might indicate a complex and precise regulation of hTERT, affirming evidence on the complex biology of telomerase regulation.
Current evidence suggests that hTERT expression and its mRNA levels are mainly controlled at the level of transcription by such means as hypoxia (through hypoxia response element sites), mitogens, hormones (e.g., estrogen), chromatin remodeling, and cell signaling pathways [1, 19] . Thus, hTERT's interrelation with different oncogenes, including c-Myc, Bcl-2, Her-2, Ras [20] [21] [22] , p53 [23] , and survivin [11, 12, 24] , and the transcription factors Sp1 and Sp3 [19] has been suggested to play an important role in cancer progression and telomerase control.
However, additional ways of the regulation of hTERT expression have been proposed and provide possible explanations for the observations in our study. Thus, regulation of transcript processing, changes in mRNA half-life [19] , specific activation of hTERT promoter by enhancer binding protein-2β [25] , or hTERT gene regulation in the form of alternative splicing (e.g., with the active wild type and inactive b variant, as shown under hypoxic conditions) [26] [27] [28] might account for low hTERT activity despite high mRNA levels and effectively result in a better prognosis for PDAC patients. Thus, some alternately spliced deletion variants of hTERT were shown to be functionally inactive or even impair the function of telomerase (e.g., the hTERTα − splice variant), causing telomere shortening and cell death [29, 30] . Tumors with a high hTERT expression profile might have either less or inactive variants of its mRNA, be subject to faster degradation or ineffective translation processes, resulting in a less functional protein expression.
In summary, measurement of hTERT transcription levels identifies groups of PDAC patients with different prognoses, with a patient group showing a 5.33-fold increased risk of tumor-related death. This might have an important potential as a predictor of survival. The oncobiologic role of telomerase activity in PDAC, intriguingly, remains elusive so far. Figure 1 . Prognostic relevance of hTERT mRNA expression, analyzed with multivariate Cox proportional hazard regression model for overall survival for 56 PDAC patients (UICC stages I-IV, R0-2 resection), adjusted for tumor stage, type of tumor resection, and patients' age. Cutoffs for expression of hTERT were the mean value (61 ag) and undetectable mRNA levels (0.00 ag): >61 ag (high); >0.00 to ≤61 ag (low), and 0.00 ag mRNA (not detectable) standardized to HPRT transcript levels.
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